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@ Magnetic thin film memory device. 

@ A magnetic thin film memory device having 
information recorded in a magnetic thin film 
thereof by the direction of magnetization, and 
adapted to reproduce the recorded infomiatlon 
on the basis of the voltage generated as a result 
of the change of the magnetizatk>n diriaction 
due to the extraordinary Hall effect, mag- 
netoresistance effect or the like. 

A magnetic thin fOm memory device In which 
a magnetic thin film is fbnmed of ferrlmagnetic 
substance having perpendicular magnetic 
anisotropy, and producing extraordinary Hall 
effect In the composition of RE rich and having 
the minimum saturation field which enables 
recording in a small magnetic field and Is hard 
to be influenced by temperatures. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 This invention relates to a magnetic thin film memory device designed to record or reproduce Infonmation 

In accordance with the direction of magnetization. 

Description of Related Art 

10 Fig. 1 is a diagram of a conventional magnetic thin film memory device disclosed in "Magnetic Thin Film 

Engineering" (p.254, Magnetic Engineering Lecture 5; Maruzen Co., Ltd., 1977). 

An example how to manufacture the memory element will be discussed in the first place. A mask with re- 
ctangular holes is brought in tight contact with a smooth glass substrate G, onto which a vacuum deposited 
film of Fe, Nl about 2000A thick is formed within in a vacuum apparatus. As a consequence, many magnetic 

IS thin film memory elements MF are manufactured in matrix at one time. A driving line to drive the magnetic tiiin 
film memory elements is obtained by photoetching copper strips on both surfaces of a thin epoxy resin plate 
or a thin polyester sheet in a manner that the strips on the one surface to be orthogonal to those on the other 
surface. The lines on the both surfaces are rendered word lines and digit lines, respectively, and the memory 
device is assembled In a manner that each crossing point of the lines is an^nged to overlapped onto each mem- 

20 ory element 

The principle of the operating of the memory element will be depicted. The lines parallel to the axis of easy 
magetizatlon In the drawing are word lines W1 through W3, while those orthogonal to tfie axis of easy mag- 
netization are digit lines D1 through D3. The digit line serves also as a sense line to read the storing state of 
infonmation In the memory element The magnetization in the film is stabflized along the axis of easy magetl- 

25 zation corresponding to the storing state of information "0" or "1" in tiie memory element Specifically, a white 
upward arrow In the drawing shows that information "0" is stored and a white downward anrow shows tiiat in- 
foimation "1" is stored in the memory element Supposing that magnetic fields acting to the magnetic thin film 
by a digit current Id and a word current Iw are respectively Hd and Hw, when the current Iw of a unipolar pulse 
is allowed to run by selecting tiie word line W1 , the magnetic field Hw acts to the whole of the memory elements 

30 MF below the word line W1, and the magnetization Is directed to the axis of hard magnetization. At tiiis time, 
pulse voltages of the opposite polarities are induced to the digit lines D1 through D3 which become reading 
voltages depending on whether the magnetization is turned from the "1* state or "0" state. In recording, the 
digit current Id is fed as to overlap tiie trailing edge of the Iw pulse, and in the condition of the magnetization 
being directed in tiie axis of hard magnetization, the magnetic field Hd of tfie polarity corresponding to an in- 

35 formation signal is superimposed, thereby determining the direction of magnetization in order to record infor- 
mation in the "1" state or "0" state. The value of Iw is set to generate the magnetic field Hw sufficient to tum 
the magnetization of the magnetic thin film finom the axis of easy magnetization to the axis of hard magnetizatksn. 
The value of Id Is set to generate the magnetic field Hd about alf the coercive force He of the magnetic tfiin 
film. 

40 Among the menriory elements MF along the word line W1 , the upper one reads "1 " and writes "0", the middle 

one reads "0" and writes "0" and writes "1", and the lower one reads "0" and rewrites "0" after reading. As is 
dear from the foregoing description, since the magnetization immediately after reading is directed to the axis 
of hard magnetization, and It is Infinite to which direction, "1" or "0", tiie magnetization is turned, the turning 
direction is determined by applying the magnetic field Hd. 

45 In conventional reading method, since a minute electromagnetic Induced voltage resulting from the rotation 

of the magnetization is used. Therefore, tfie S/N ratio at reading is so small that read-out was difficult. Moreover, 
since the electromagnetic induced voltage is proportional to the size of the magnetic moment, it is required to 
make the magnetic thin film larger to obtain a large electromagnetic induced voltage. In consequence, the mag- 
netic field necessary for recording/reproducing is undesirably enlarged, thereby causing a hindrance to saving 

50 of power. The amount of information stored per unit area is impossible to be increased. 

Meanwhile, a magnetic thin film memory device which reads information with use of the magnetoreslstance 
effect is already known. Fig. 2 shows the principle of a magnetoresistive element disclosed in "Magnetic head 
and magnetic recording" (pp.1 82-1 90. M.Matsumoto; Sogo Denshi Shuppan). In Fig. 2, a reference numeral 
101 indicates a magnetoresistive element formed of a magnetized film with the axis of easy magnetization de- 

55 noted by A. The magnetoreslstance effect is a phenomenon that when a current I runs in the magnetoresistive 
element 101 to impress an extemal magnetic field H, thereby to change the direction of magnetization, resist- 
ance of the magnetoresistive element is changed by an angle of the direction of the current I to the direction 
of magnetization M corresponding to the extemal magnetic field H. 
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Figs. 3 and 4 are a perspective view of a conventional magnetic thin filnri nnemory element and a circuit 
diagram of a magnetic thin film memory device using the conventional element revealed in "Reprogrammable 
Logic Array Using M-R Elements" (pp.2828-2830, IEEE Transactions on Magnetics, Vol. 26, No. 5; Sep., 1990). 
In Figs. 3 and 4, reference numerals represent respectively: 101a, 101b a magnetic thin film of permalloy or 

5 the like having the magnetoreslstance effect: 102 a metallic thin film of copper ,etc. sandwiched between the 
magnetic thin films 1 0la and 101 b; 1 03 a word line for applying an external magnetic field to the magnetic thin 
films 101a, 101b; 1 1 1 a magnetic thin film memory element; 112 a sense line constituted of the magnetic thin 
films 101a, 101band metallic thin film 102; 113adummyline corresponding to tiie sense line 112; 114aswltch- 
ing element for detemnining the direction of a voltage to be fed to the sense line 112; 1 15 an autozero circuit 

10 for detecting a zero signal automatically; 116 a differential amplifier; 117 a switching element for determining 
the sense line 1 12 to be accessed; and 125 a comparative resistance on the dummy line 113. The word line 
103 is formed orthogonal to a current running in the magnetic thin films 101a, 101b, and parallel to the axis of 
easy magnetization A of the magnetic thin films 101a, 101 b. 

The above magnetic thin film memory device operates in a maner as follows. First of all, the magnetoresi- 

IS stance effect will be explained below. As shown in Fig. 5, an extemalmagnetic field Hex is applied in the di- 
rection of the axis of hard magetizatlon 1 51 so as to d Irect the magnetization 1 52 of the magnetic thin film 1 01 
at an angle 0 to the direction of the axis of easy magnetization 150. At this time, by impressing a voltage E to 
both ends of the magnetic thin film 101 and measuring a sensor current (i) by an ammeter 162, the relation 
between the direction of magnetization and current (i) becomes as indicated in a graph of Fig. 6. In other words, 

20 when the direction of magnetization 152 is parallel to the running direction of the current (here, direction along 
the axis of hard magetizatiom 151) (e = ± 90''), resistance of the magnetic thin film 101 becomes maximum. 
On the other hand, when the direction of magnetts^ation 152 Is perpendicular to the direction of current (0 = 0**), 
resistance becomes minimum (the current flows most). 

The operation of the magnetic thin film memory element illustrated in fig. 3 will be described now. In re- 

25 cording, when a word current Is allowed to run in the direction shown by an arrow, the direction of the magnetic 
field generated by the current Is the direction of the axis of that magnetization 151 of the magnetic thin film 
101, thereby to turn the direction of magnetization 152 (referring to Fig. 5) to be the direction of the axis of hard 
magnetization 151, if a sufficient amount of current is allowed to flow. Subsequentiy, a current is supplied to 
the sense line 1 12 to determine the direction of magnetization. Although the magnetic field generated by this 

30 current is reverse in direction between the magnetic thin films 101a and 101b, both are along the axis of easy 
magnetization 150. Therefore, the direction of magnetization can be determined by shutting off the current of 
tiie word-line 103. As indicated In Fig. 7, the direction 152a. 152b of magnetization of the magnetic thin films 
101a, 101b are determined by the direction of a current 163 running in tiie sense line 1 12. 

Next, in reproducing, it will be discussed in conjunction with only the magnetic thin film 101a for brevity's 

35 sake with reference to Fig. 8 which is a bottom view when a smaller cunrent than in recording is allowed to flow 
in the word line 1 03. The direction of magnetization 1 52a is inclined 0, to the direction of the axis of easy mageti- 
zation 150 because of the magnetic field Hex generated by the current running in the word line 103. This fact 
holds true both in Figs. 8A and 8B except that the angle 0, is plus or minus. Then, when the current 163 is fed 
to the sense line 112 a magnetic field Hsf is generated by the sense line 1 12 as shown in Fig. 9. The direction 

40 of magnetization 152a is detenmined by the external magnetic field 60. An angle 6 2 of the direction of mag- 
netization 152a to the direction of the axis of easy magnetization 150 is varied In accordance with the recorded 
state of magnetization, and the recorded state of magnetization can be detected as an increase or decrease 
of the electric resistance as shown in Fig. 6. 

The operation of the memory device will be discussed with reference to Fig. 4. In recording, only the memory 

45 element 1 1 having both the word line 1 03 and the sense line 1 12 simultaneously turned on is driven. Although 
the recording state is determined by the direction of the current running in the sense line 1 1 2 as described be- 
fore, the direction of the current is decided by the switching element. 

In reproducing, firetiy, by turning on the switching element 1 1 7 of the sense line 1 1 2 to be accessed without 
supplying a cunrent to the word line 103, the potential at a connecting point x is compared with that at a con- 

so necting point Z of the dummy line 1 1 3 by the auto zero circuit 115 and the potential difference is stored therein. 
Thereafter, by supplying a current to the word line 1 03, the recording state of the element is detected according 
to whether the potential difference becomes larger or smaller than the stored difference. 

As described before, since the memory elements 1 1 1 in the conventional magnetic thin film memory device 
are connected In series to the sense line 1 12, resistances of the memory elements 111 works in series, making 

55 the impedance of the sense line 1 12 larger in proportion to the number of the connecting memory elements 
111. As a result only a limited number (4 in the prior art) of memory elements can be arranged on a single 
sense line so as to secure the sufficient S/N ratio. Fundamentally, the signal is detected by the static resistance 
of the sense line 112, thus requiring the comparative resistance 125. The temperature compensation of the 
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resistance of each memory element 11 becomes necessary, therefore the comparative resistance 125 must 
be formed of a magnetic thin film. As such, the prior art is disadvantageous in its complicated structure with 
little allowance of design. 

Moreover, ferromagnetic alloy made of Ni. Fe. Co or the like used conventionally as a magnetoresistive 
5 element for read-out is magnetized thin film having horizontal magnetic anisotropy. A large external magnetic 
field Is needed against a demagnetizing field In order to change the magnetization M in a perpendicular direction 
to the film surface. Therefore, the conventional magnetoresistive element Is poorly low in detecting sensitivity 
to the magnetic field perpendicular to the film surface. 

10 SUMMARY OF THE INVENTION 

This invention has been devised to solve the aforementioned disadvantages, and has for its essential object 
to provide a magnetic thin film memory device realizing good S/N ratio thereby to record/reproduce information 
stably even from a small size memory element, and besides lowering the power consumption, enhancing the 
IS information transfer rate, and realizing high recording density. 

The above and further objects and features of the invention will more fully be apparent from the following 
detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagrammatic plan view of a conventional magnetic tin film memory device; 
Fig. 2 is a diagram explanatory of the principle of the magnetoresistance effect; 

Fig. 3 is a perspective view of a conventional magnetic thin film memory device using a magnetoresistive 
element; 

25 Fig. 4 Is a circuit diagram of the conventional magnetic thin film memory device of Fig. 3; 

Figs. 5 and 6 are diagranns of ttie principle of the magnetoresistance effect; 

Fig. 7 IS a concejDtual diagram of the recording state of the conventionnal magnetic thin film memory device; 
Figs. 8 and 9 are diagrams of the principle of reproducing information from the conventional magnetic tiiin 
film memory device; 

30 Fig. 1 0 is a diagram of a magnetic tiiin film memory device according to a first and a second embodiments 

of this invention; 

Fig. 1 1 is a diagram of the magnetic tiiin film memory device of Fig. 10 with recording lines added; 
Fig. 12 is a view explanatory of the relation between the recording magnetic force and coercive force in 
the first and second embodiments; 
35 Fig. 1 3 is a diagram of the principle of recording information in the magnetic thin film memory device of the 

first and second embodiments; 

Figs. 14, 15 and 16 are diagrams of the. manufacturing process in the first and second embodiments; 
Fig. 17 is a layout pattern of the second embodiment; 
Fig. 18 is a layout pattern of a third embodiment of this invention; 
40 Fig. 19 is a diagram of a fourth embodiment of this invention; 

Fig. 20 is a graph showing the relation between the applied current and anomalous Hail voltage; 

Fig. 21 is a diagram of a fifth embodiment of this invention wherein recording lines are added to the fourtii 

embodiment; 

Fig. 22 is a diagram of a sixth embodiment of this invention; 
45 Fig. 23 is a diagram of a seventh embodiment of this invention; 

Figs. 24, 25, 26 are diagrams explanatory of the manufacturing process in the sbcth and seventii embodi- 
ments; 

Fig. 27 is a diagram of an eighth embodiment of this invention; 

Fig. 28 is a circuit diagram of a ninth embodiment of this invention; 
so Fig. 29 is a partiy-enlarged view of the ninth embodiment; 

Fig. 30 is a diagram explanatory of the extraordinary Hall effect; 

Fig. 31 is a diagram explanatory of the displacement between the electrodes; 

Fig. 32 is a timing chart of switching for reproducing information in the ninth embodiment; 

Fig. 33 Is a hysteresis loop of the magnetic tiiin film memory device and a diagram explanatory of the de- 
55 magnetizing field; 

Fig. 34 is a diagram showing the relation etween the composition of RE-TM ferrimagnetic substance and 

saturation magnetization; 

Fig. 35 is a diagram showing the relation between the composition of RE-TM fenrimagnetic substance, coer- 
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Give force and saturation field; 

Fig. 36 is a diagram of tlie temperature Influence to the saturation field of the RE-TM ferrimagnetic subst- 
ance having a specific composition; 

Fig. 37 is a circuit diagram of a tenth embodiment of this invention; 
5 Fig. 38 is a partfy-enlarged view of the tenth embodiment; 

Fig. 39 is a hysteresis loop of a perpendicular magnetic field with a parallel magnetic field to the film surface 
and without the parallel magnetic field in the tenth embodiment; 

Fig. 40 is a timing chart of switching for reproducing information in the tenth embodiment; 
Fig. 41 is a diagram showing the relation between the environment temperature and reproduced output in 
10 the tenth embodiment; 

Fig. 42 and 43 are conceptual diagrams of the magnetizing and reproducig state in a 15th embodiment of 
this Invention; 

Figs. 44 and 45 are conceptual diagrams of the magnetizing and reproducing state In a 16th embodiment 
of this invention. 

IS Figs. 46 and 47 are conceptual diagrams of the magnetizing and reproducing state in a 17th embodiment 

of this invention; 

Figs. 48 and 49 are conceptual diagrams of the magnetizing and reproducing state in an 1 8th embodiment 
of this invention; 

Figs. 50 and 51 are a perspective view and a . circuit diagram of a 19th embodiment of this invention, re- 
20 spectively; 

Figs. 52, 53 and 54 are diagrams explanatory of the principle of reproducing information in the 1 9th embo- 
diment; 

Fig. 60 is a simplified circuit diagram of a magnetic tin film memory device without using diodes; 
Fig. 61 Is a perspec^ve view of a 20th embodiment of this invention; 
25 Fig. 62 is a diagram explanatory of he extraordinary Hall effect; 

Figs. 63 and 64 are a perspective view and a circuit diagram of a 21st embodiment of this invention, re- 
spectively; 

Fig. 65 is a diagrannmatic cross sectional view of a 22nd embodiment of this invention; and 
Fig. 66 Is a diagrammatic cross sectional view of a 23rd embodiment of this Invention. 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of this invention will be discussed in detail with reference to the accompanying 
drawings. 

35 Referring to Fig. 10, a magnetic thin film memory element Is represented by a reference numeral 1. A current 

line 2 and a voltage line 3 are mounted to the magnetic thin film memory element 1, and orthogonal to each 
other approximately at the center on the magnetic thin film memory element 1 . The magnetic thin film mennory 
elenrtent 1 is magnetic thin film with perpendicular magnetic anisotropy. As a concrete example of the magnetic 
tiiin film with perpendicular magnetic anisotropy, a rare earth-transition metal alloy, e.g., GdCo, HoCo, GdHoCo, 
40 TbHoCo, GdFeCo will be cited. 

In order to read Information from the magnetic thin film memory element 13b which is magnetized down- 
ward, a current J should be fed to a current line 2b to read the voltage change Vhj of a voltage line 3c. Likewise, 
for reading infonmation from a magnetic thin film memory element 1 1c magnetized upward, a current J' should 
be fed to a cun-ent line 2c and the voltage change Vhj' of a voltage line 3a should be read. At this time Vhj and 
45 Vhj' are reverse in direction. 

In the manner as mentioned above, information is read with utilizing the extraordinary Hall effect 
The recording mettiod when a magnetic thin film having perpendicular magnetic anisotropy is used for the 
magnetic thin film memory element 11 will be discussed below. 

Referring to Fig. 1 1, recording lines 4 and 5 are orthogonal to each other, and shifted a IlttJe from the mag- 
so netic thin film memory element 1 in order to apply a magnetic field onto the magnetic thin film memory element 
1 in a perpendicular direction thereto, generated by supplying currents Ix and ly. For instance, the following 
description Is related to tiie case of directing the magnetization of the memory element 13b downward. If the 
current Ix Is supplied to a lateral recording line 4c in a direction shown by an anrow a magnetic field Hbc is 
generated. On the other hand, when the current ly is supplied to a vertical recording line 5b in a direction of a 
55 arrow t a magnetic field Hiy is generated. The relation between the change of the Hall voltage and the magnetic 
field of the magnetic thin film memory element 1 is as shown In Fig. 12. Supposing that the coercive force of 
the magnetic thin film memory element 1 is He, the following relation is held: 
Hiy < He 
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Hix < He 
Hc<Hix + Hiy 

In other words, the magnetization of the magnetic thin film memory element 1 Is not changed by supplying 
either of the cun-ents Ix or ly, but is changed only when both the magnetic fields Hix and Hiy are generated by 

5 the current be and ly. Areas where both the magnetic fields Hue and Hiy are applied are areas 12 and 14 divided 
by the recording lines 4, 5 as shown in Fig. 13. When the current Ix Is fed in the direction and the current ly 
is fed in the direction t. the area 12 is magnetized upward, whereas the area 14 is downward. If the direction 
of each current Ix, ly is reversed, the direction of the magnetic field of the area 12 is turned downward, and 
that of the area 14 is tumed upward. 

10 Accordingly, if the magnetic thin film memory element 1 is provided only in he area 14, it is possible to 

change the magnetization of the magnetic thin film memory element 1 to upward or downward by reversing the 
direction of the currents be and ly. For data "1", the magnetization of the magnetic thin film memory element 1 
is directed downward by supplying the current be in the direction and the current ly in the direction t. For 
data "0", the magnetization direction of the memory element 1 is directed upward by supplying the current be 

IS In the direction and the current ly in the direction i. 



[Embodiment 1] 

A mask 40 with rectangular holes (for example, 0.1 ^m X 1.2^m) is held in tight contact with a glass sub- 
20 strata, as illustrated in Fig. 14. A conductor film of Cu, Au, Al .etc., 0.5^m thick is fonmed as a reproducing line 
tiirough sputtering or the like. Moreover, another mask 50 with rectangular holes (0.5^m square) as shown in 
Fig. 1 5 is brought in fight contact onto the mask 40 In a manner that each side of the rectangular hole overlaps 
one end of the conductor film of Cu, Au, Al, etc. Then, a GdCo film as the magnetic thin film memory element 
1 about 2000A is formed through sputtering with a bias voltage (-50V). As a result, the magnetic thin film memory 
25 element 1 is connected to the reproducing lines 2, 3 as indicated in Fig. 16. A di-electric film of SiNx or the like 
0.1^ thick Is fomned as a protecting film onto tiie magnetic thin film memory element 1 and reproducing lines 
2,3. 

Then, vertical recording lines are formed of Cu onto the Silsbe film by sputtering or the like. The recording 
line is 0.5^m thick. Furttier, an siNx film 0.1 ^m thick is formed ail over the surface and lateral recording lines 
30 of Cu 0.5(im til tok are formed. At his time, the vertical and lateral recording lines are fonmed to be shifted a littie 
from the rectangular magnetic thin film memory element 1. 
Finally, a protective coating of resin is formed. 

The coercive force of the GdCo film used as the magnetic thin film niemory element 1 In Embodiment 1 is 
40 Oe, and the recording currents ix, ly are constant 15mA. 
35 The pattem cycle is 2\m\, tiie magnetic thin film memory element 1 1s 0.5nm square and the center distance 

between the reex>rding line and magnetic thin film menrK)ry element 1 is about Ipin. 

The magnetic field generated by each recording line and applied to the central part of the magnetic thin 
film memory element 1 is approximately 30 Oe. The magnetic force exceeds enough the coercive force 40 Oe 
of the magnetic thin film memory elennent 1 only when botii magnetic fields are superimposed, whereby good 
40 recording is achieved. 

A voltage of approximately 4.5mV is impressed to both ends of the magnetic thin film memory element 1 
tiirough ttie current line 2, When the magnetization of the memory element 1 is reversed from "0" to "1", the 
voltage change on tiie voltage line 3 Is about 40m.V, assuring good reading. 

45 [Embodiment 2] 

By using a mask or the like, similar to Embodiment 1, the following films are fomned in ttie following order 
on a silicon substrate through sputtering. 



so 



55 



Recording line 4 thick 

Insulating film thick 

Current line 2 and voltage line O.S^m thick 

Magnetic thin film memory element 0.05//m thick 
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Insulating film O.lAtm thick 

Recording line 5 l^m thick 

5 

A pattern shown in Fig. 1 i5 is obtained. The magnetic thin ftim memory element 1 is formed of TbHooo having 
the axis of easy magnetization in a perpendicular direction and the coercive force of 30 Oe. 

The pattern cycle is 2^m, the magnetic thin film memory element 1 is O.S^m square, and the center distance 
between the recording lines 4, 5 and magnetic thin film memory element 1 1s approximately 1 \m. The number 
10 of the elements is 1000 X 1000. 

A current 10 mA is supplied through the recording lines 4, 5. At this time, the magnetic field generated by 
each recording line 4, 5 at the central part of the magnetic thin film memory element 1 Is about 20 Oe. Only 
when both magnetic fields are superimposed, the magneticforce lis fully exceeds the coercive force of the mem- 
ory element 1, thus realizing good recording. 
IS A voltage of 5V is impressed to both ends of the cunrent line 2, whereby a current of about 3.5mV Is applied 

to both ends of each magnetic thin film membry element 1. When the nnagnetization of the magnetic thin film 
memory element 1 is reversed from "0" to "1 the voltage change appearing on the voltage line 3 is about 30^V. 
Accordingly, good reading is achieved by sufficiently larger raad-out signal than the thermal noise. 

20 [Embodiment 3] 

As shown in Figs. 13 and 18, in Embodiment 3, recording lines 4, 4, 5, 5 are provided on both sides of the 
magnetic thin film memory element 1. When cunrents are supplied in reverse directions to tie recording lines 
4, 4 or 5, 5, favorable recording Is accomplished. More specifically, when directing the magnetization of the 

25 memory element 13a marked by a clrde in Fig. 18 to be downward for recording, the currents are fed to the 
four recording lines in the vicinity of the mernory element 13a In respective directions shown by arrows. Mean- 
while, in order to direct the magnetization of the memory element 1 3a upward for recording, the currents should 
be fed In the opposite directions to those shown by the arrows. In this case, half the amount of current is enough 
to one recording line in comparisori with when the recording lines are provided on one side of the magnetic 

30 thin film menrrary element 1. 

[Embodiment 4] 

Fig. 1 9 is a conceptual diagram of the structure of Embodiment 4 of this invention, wherein reference num- 

35 erals laa, lab,..., Ice are magnetic thin film memory elements, and 2 and 3 are a current line and a voltage 
line mounted to the magnetic thin film memory elements 1, respectively. A magnetic thin film having perpen- 
dicular magnetic anisotropy is employed as the magnetic thin film memory element 1. GND Is the ground. 

For reading out Infomnation from the nr^gnetic thin film memory element Icb magnetized downward, a cur- 
rent I should be fed to a current line 2c and the voltage change Vhj' of a voltage line 3b at that time should be 

40 detected. Similarly, for reading out information from the magnetic thin film memory element lac magnetized 
upward, the current I should be supplied to a current line 2a and the voltage change VhJ of a voltage line 3c at 
that time should be read. The voltage generated at the time is the anomalous Hall voltage between the voltage 
line 3 and the grounded point of the current line 2, which is plus or minus depending on whether the memory 
elerhent is magnetized downward or upward. Accordingly, the information can be read out by the difference In 

45 the recorded direction of magnetization. 

The relation between the current 1 applied to the current line 2 and the voltage Vh (extraordinary hall voltage) 
appeared In the voltage line 3 is indicated In Fig. 20. As the impressed current 1 is increased, the voltage change 
becomes larger, thereby Improving the S/N ratio of a reproducing signal and enhancing the integration density 
of the magnetic thin film memory element 1. In some cases, however, the temperature of the wiring may rise 

so in accordance with Increase in the amount of the current t fed to the current line 2, resulting in a disconnection 
in the worst case. Moreover, the temperature of the magnetic thin film memory element 1 itself also rises. The 
extraordinary hail voltage Vh is reduced according to the temperature rise of the element, and therefore the 
increase in the impressing amount of the cunrent i has limitation. For solving this problem, it is effective to supply 
the current to the current line 2 by a pulse current The pulse width is better to be as short as possible so long 

55 as the anomalous Hall voltage Vh changes with readable force. Moreover, the power consumption as a whole 
of the memory device can be reduced by the pulse current 
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[Embodiment 5] 

The recording method will be discussed with reference to enbodiment 5. Fig. 21 is a conceptual diagram 
showing the structure of Embodiment 5 of this invention. In Fig. 21 , recording lines 4, 5 orthogonal to each other 
are shifted slightiy from the magnetic thin film memory element 1 . so that a perpendicular magnetic field is im- 
pressed to the magnetic thin film menKsry element 1 when currents Ix and ly are supplied to the recording lines. 
As one example, the case of directing the magnetization of the magnetic thin film memory element 1 bb down- 
ward for recording will be described. When the current Ix is fed to the recording line 4b in the direction a 
perpendicular magnetic field HiX is applied to the magnetic thin film memory element Ibb. When the current 
ly is supplied to the recording line 5b in the direction t, a perpendicular magnetic field Hly is Impressed to the 
memory element Ibb. Furthermore, when a cunrent la is fed to the reproducing current line 2b in the d^ection 

a perpendicular magnetic field Hia Is impressed to the memory element Ibb. When a cunrent ip is fed to 
the reproducing voltage line 3b in the direction t, a perpendicular magnetic field Hip is generated in the memory 
element 1 bb. Assuming that the coerdve force of the magnetic thin fQm memory element 1bb is He, a inequality 

(1) below is held in the recording case: 

He < HiX + Hly + Hia + Hip (1) 
When the inequality (1 ) is satisfied, the magnetization In the magnetic thin film memory element 1 bb is reversed, 
thus completing recording. If the inequality (1) is held even when Hix = 0, the recording line 4b may be ab- 
breviated. The recording line 5b may be abbreviated as well if tfie inequality (1) is held even when Hly = 0. 
Further, if tiie Inequality (1) is true even when Hbc = Hly = 0, botti ttie recording lines 4b, 5b are unnecessary. 
That is, the reproducing current line 2 and voltage line 3 also woric as tiie recording lines. In Embodiment 4 of 
Fig. 19, the recording lines 4, 5 are omitted and the reproducing cunrent line 2 and voltage line 3 are also used 
as tiie recording lines, and at the same time, the GND side of the cunrent line 2 is in common witii the voltage 
line 3, whereby the whole structure Is remarkably simplified. 

[Embodiment 6] 

Such an arrangement as follows will be made for recording/reproducing of information. Fig. 22 Illustrates 
a magnetic thin film memory element employing a different reproducing method from Embodiment 4 of Fig. 1 9. 
More specifically, the different three points are: 

(1) The anomalous Hall voltage Vh is detected as a potential difference between tenminals A and B at both 
ends of the voltage line 3 of the magnetic tin film memory element 1. Since the running direction of tiie 
reproducing current I Is orthogonal to the direction of the connection between ttie tennlnals A and B, no 
potential difference is brought about between the temiinals A and B due to tiie cunrent I without tiie extra- 
ordinary Hall effect Therefore, the potential difference between tiie temninals A and B results oniy from 
the extraordinary Hall effect, and such signals ttiat have different polarities depending on the direction of 
magnetization of the memory element 1 and have the same absolute value are obtained, 

(2) Resistors R provided at both sides of the nuignetic thin film memory element 1 can reduce the cunnent 
flow to the magnetic ttiin film memory elements 1 from which information is not read out thereby making 
it possible to eliminate noises. 

(3) When a capacitor C is connected between the terminals A and B and the reproducing current is fed. 
for example, to the current line 2a, information is read out from all tiie magnetic thin film memory elements 
laa, lab, lac along tie line with the anomalous Hall voltage Vh generated between the corresponding ter- 
minals Ai and Bi (I = a, b, c). The anomalous Hall voltage Vh is stored in ttie corresponding capacitor c 
after a preset charging time. After the capacitor c is charged, tiie reproducing cun-ent is shut off. Therefore, 
if tiie potential difference between ttie tenminals A1-B1, A2-B2, A3.B3 Is read one by one without using ttie 
capacitor C, it Is necessary to continuously supply the reproducing current during the reading time, inviting 
loss of electricity. The charged capacitor is opened for reading after the reproducing cunrent is shut off. 

[Embodiment 7] 

Fig. 23 shows a magnetic thin film memory element employing a different recording method from Embo- 
diment 5 in Fig. 21. The current line 2 and tine voltoge line 3 are also used as the recording lines according to 
Embodiment 5. Although it is possible in this Embodiment 7 as well, for simplification of tfie explanation, re- 
cording and reproducing will be considered separately here and only tie lines necessary for recording are in- 
dicated In Fig- 23. When the magnetization of the magnetic thin film memory eiement lac is intended to be 
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directed upward for recording, the currents should be fed to the recording lines 4aU and 3cU in the direction 
shown by.respective arrows. When the magnetization of the magnetic thin film memory element 1ac is intended 
to be directed downward for recording/ the current should be supplied to the recording lines 4aD and 3cD in 
the direction shown by respective arrows. In other words, the different recording lines are used between the 
5 upward recording and downward recording. Accordingly, it is not necessary to reverse the direction of the cur- 
rents to the recording lines, which eliminates the reversing time of the current direction. That is, the data transfer 
rate In recording can be accelerated. 

Now, the manufacturing method of the magnetic thin film memory devices In Embodimente 4 through 7 will 
be depicted hereinafter. 

10 A mask 10 as shown in Fig. 24 Is held In tight contact with a substrate and then, a conductor of Cu, Au, Al 

or the like is formed as the reproducing current line 2 through a hole 10a by sputtering ,etc. (parts Indicated by 
dotted lies will be described later). Thereafter^ a mask 20 shown in Fig. 25 is brought into tight contect with the 
substrate in a manner that the upper and lower sides of a redtangular hole 20a of the mask 20 overlap the cor- 
responding ends of the conductor formed earlier (as indicated by the dotted lines in Fig. 240- An HoCo film is 

15 fomied to be a magnetic thin film memory element by sputtering ,etc. An insulating film is fonmed by liftoff 
method, eto. except where the magnetic thin film memory element 1 is formed. 

Moreover, a mask 30 of Fig. 26 Is tightly atteched to the substrate and a conductor is fomned of Cu, Au, 
Al ,etc: as the reproducing voltage line 3 through a hole 30a by sputtering or the like to be In touch with tlie 
magnetic thin film memory element 1. A dielectric flim of SINx, etc. is formed as a protecting film on the voltage 

20 line 3 and the magnetic thin film memory element 2. As recording lines, strips of Cu wire are provided orthogonal 
to each other and the both shifted slightly from the rectengular magnetic thin film memory elements 2 (with re- 
ference to Fig. 21 .) A protection coating of resin is applied in the last place. The coercive force l-lc of the HoCo 
fUm in Embodiments 4 through 7 is 30 Oe end the pattern cyde is 2|im. The magnetic thin film memory element 
1 is 0.5 ^m square. The center distance between the recording line and the magnetic thin film memoiy element 

25 1 is 1 pm. The recording currente be, iy, la, ip are constent as shown in Table 1 below. 

Table 1 



Experiment 


Ix(niA) 


ly(mA) 


la (mA) 


1/3 (mA) 


1 


5 


5 


• 5 


5 


2 


5 


5 


10 




3 


5 


5 




10 


4 




5 


5 


6 


5 


5 




5 


5 


6 






10 


10 



In any of the experimente 1 through 6, the coercive force 30 Oe of the magnetic thin film memory element 
1 is sufficiently exceeded, and therefore good recording is carried out When a pulse current of the pulse width 
4S 50 nsec is fed to the current line 2 so as to impress about 20 mV to both ends of the magnetic thin film memory 
element 1, the voltage change of about 20 (iV appears at the vdtege line 3, that is, good reading is gained. 

[Embodiments] 

50 In Fig. 27, there Is shown the structure of a magnetic thin film memory delice according to Embodiment 8 

of this invention. Fig. 27A being a side view and Fig. 27B being a cross sectional view taken along the line A-A 
of Fig. 27 A. After forming leading parte (not shown) of the reproducing current line 2 and reproducing voltage 
line 3 from the magnetic thin film memory element 1 on a substrate, an HoCo film is formed as the magnetic 
thin film memory element 1 in the similar manner to Embodiments 4 through 7. Then, the recording lines 4, 5 

55 are fomied while a insulating film of alumina or the like is held therebetween so as to insulate the both lines. 
Thereafter, the same procedures as above Embodiments 4 through 7 are repeated to sequentially form the 
layers of the magnetic thin film memory device. The reproducing voltage line 3 which connects the layers with 
each other is formed by forming through-holes and connecting conductors. The coercive force IHc of the Hoco 
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film of Embodiment 8 is 30 Oe. 

Referring to Fig. 27. in order to record infomiation In the magnetic thin film memory element laaa, a con- 
stant current 1 0 mA is supplied to each of the recording lines 4aa and 5aa. At this time, the magnetic field gen- 
erated by each of the recording limes 4aa and 5aa at the central part of the magnetic thin film memory element 

5 1aaa has the magnetic force of 20 Oe. Only when both magnetic fields are super-imposed, the coercive force 
30 Oe of the memory element 1 Is fully exceeded to achieve favorable recording. Similar to Embodiment 5 in 
Fig. 21, the additional magnetic field may be applied by supplying a constant current through the reproducing 
current line 2. In reading, a pulse current of the pulse width 50 nsec is applied to the current tine 2 so as to 
impress about 20mV to both ends of the magnetic thin film memory element 1 . The voltage change of about 5 

10 \iV is detected at the voltage line 3aa, and good reading is done. The voltage change decreases more as the 
number of the layers of the nDagnetic thiin film memory elements 1 increases, and therefore it is necessary to 
determine the number of layers to ensure the detection of the voltage change. 

[Embodiment 9] 

15 

Fig. 28 shows the structure of a magnetic thin film memory device of Embodiment 9 of this invention, in 
which nine magnetic thin film memory elements laa-lcc are formed in matrix. Refenring numerals 22a through 
22c, 23a through 23c, 24a through 24c, 25a through 25c 6, 7 represent switches comprised of a transistor, 
and 8 Is a capacitor, 9 is a amplifier such as an operational amplifier, etc. VI , V2 are positive vojtage sources 

20 and GND Indicates the ground. 

The recording method of the magnetic thin film memory device in the aforementioned structure will be de- 
scribed below. For recording, the direction of magnetization of each magnetic thin film memory element (refer- 
red to as a memory element hereinafter) 1aa-1cc is turned upward or downward. In this Embodiment 9, the 
upward magnetization corresponds to "0" of a binary digital data, while the downward magnetization corres- 

25 ponds to "1" of a binary digital data. 

When the magnetization of the memory element lac is directed upward, data "0" is recorded. In Fig. 28, 
the lilies related to recording are drawn thick. When recording is not executed, the switches 24a through 24c 
25a through 25c are all turned off, so that no cunrent flows in the thick drawn parts. When the switches 24a, 
25c are turned on and switch 6 is turned on, cunrents iX, lY are introduced to the thick drawn parts near the 

30 inemory element lac as indicated in Fig. 29. 

The resistances of the recording lines are so set that the currents iX and lY are approximately equal to 
each other. Therefore, a magnetic field is generated around the direct current iX, iY based on the Ampere's 
law. The magnetic field applied by the direct cun-^nt iX to the memory elements 1ac, 1ab is upward, having the 
magnetic force of Hx. The magnetic field applied by the direct current iV to the memory elements 1ac, Ibc is 

35 also upward, with the magnetic force of Hy. Although the direction cunrents iX are iV generate nnagnetic fields 
to the memory elements 1bc and lab, respectively, since the distance of the magnetic fields is farther, the in- 
fluence of the magnetic fields is negligible. Accordingly, the force of the magnetic fields acting to the memory 
elements 1ab, 1ac, 1bc Is Hx, Hx + Hy, Hy. respectively. 

The cun-ents iX and iV are approximately equal to each other and tiierefore, Hx = Hy. In other words, the 

40 magnetic fields acting to the memory elements 1 ab, 1 ac. 1 be are approximately Hx, 2Hx, Hx, respectively. Sup- 
posing tfiat tiie coercive force He of the magnetic thin film is He, tiie source voltage V2 may be adjusted to 
satisfy 

Hx < He and 2Hx > He (2) 
it becomes possible to selectively magnetize the memory element 1ac alone upward. Moreover, if the memory 
45 element lac is desired to be magnetized downward to record "1 tiie switches 24a, 25c and 7 should be turned 
on. infonmation is recorded to the other memory elements in the same manner as above. 

A brief account of the extraordinary Hall effect will be given below. The extraordinary Hall effect is a 
phenomenon caused when a current is fed to a ferromagnetic substance or ferrimagnetic substance. In this 
case, a voltage is generated in a perpendicular direction to the botti direction of current and magnetization. As 
so shown in Figs. 30A and 30B, when the direction of magnetization is reversed, the generated voltage is also 
revereed. 

The reproduction process of the magnetic thin film memory device utilizing tiie above-described extraor- 
dinary Hall effect will be depicted now. For instance, in order to read out infonmation from the memory element 
1ac, the switch 22a is turned on, resulting In a flow of a cunrent running downward in the memory elements 
55 laa, lab, 1ac in Fig. 28. By measuring the potential difference between the electrodes a, p at both lateral ends 
of the memory elements 1ac at this time, the direction of magnetization is reproduced as the principle. However, 
in the case where the shape of the elements or the position of the electrodes are varied at the manufacturing 
time, the potential difference is superimposed on a signal as a bias voltage, thus causing an enror. Since the 
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anomalous Hall voltage is 1 % or so of the applied voltage, the shape of the elements should be highly accurate. 
Particularly, as the size of the elements is required to be about 1 \im for realizing higher recording density, an 
advanced processing technique becomes necessary. For exaniple, if the positions of the reading electrodes 
a, p are oppositely shifted from the center as indicated in Fig. 31 , such bias voltage is brought about as to render 

5 the electrode p higher than the electrode a in potential. 

As a countemneasure against the aforementioned bias voltage, information may be read out with use of 
the change of magnetization, which will be depicted hereinafter. Fig. 32 is a timing chart of each switch in re- 
producing the recording state in the memory element lac. The switches not indicated in the chart are ail open. 
During a period from tO to t3, the switches 22a, 23c are closed, holding the memory element lac In tie repro- 

10 ducing state. Especially during a period from t1 to t2, the switches 24a, 25c, 6 are also closed, so that an upward 
magnetic field 2Hx (>Hc) Is applied to the memory element 1ac. Terefore, when the initial direction of magneti- 
zation of the memory element 1ac Is upward, the direction of magnetization is not changed by the magnetic 
field, and "0" is reproduced. On the other hard, when the Initial direction is downward, the magnetic field 2Hx 
not smaller than the coercive force He of the memory element acts upward, thereby reversing the magnetization 

15 upward during the period from t1 to t2. This reversal is detected as the change of the reproducing signal, i.e., 
"1" is reproduced. 

When "1" is reproduced, however, the initial downward direction of magnetization before reproducing is 
lost Therefore, it is necessary to retum the direction of magetization to that of before reproducing by applying 
a magnetic field downward. As such, when the change of the reproducing signal is observed during a period 

20 from t1 to t3, the switches 24a, 25c, 7 should be closed during a period from t4 to t5 to apply the downward 
magnetic field. In this manner, by reproducing the recorded infonmatlon with use of the change of the signal 
caused by the change of magetization, good reproducing is achieved without errors even If the bias voltage 
occurs. The signal change is amplified by the capacitor 8 and amplifier. 9. 

In Embodiment 9, the magnetic thin film used for the memory elements 1 aa-1 cc has perpendicular magnetic 

25 anisotropy. Ferrimagnetic in substance such as CoCr, Ba ferrite and the like may be used as the magnetic thin 
film with perpendicular magnetic anisotropy, but a large saturation magnetization Ms and the resultant demag- 
netizing field of the substance increase the perpendicular magnetic saturation field Hs. Therefore, the ferrimag- 
netic substance is not suitable for the memory elements. Although it is described in the inequality (2) that the 
recording magnetic field 2Hx to satisfy 2Hx > He is necessary, in actual use, 

30 2Hx>Hs (3) 

should be satisfied. This will be explained with reference to Fig. 33. 

Fig. 33A is a hysteresis loop of a general magnetic thin film with perperidicular magnetic anisotropy. The 
ordinate describes the nFiagnetization M, while the abscissa represents the applied perpendicular magnetic field 
H. As is apparent firom Fig. 33, the coercive force He is defined by the magnetic field when It crosses 0 point 

35 of the rnagnetization. Meanwhile, the saturation field Hs is defined by the magnetic field where the magneti- 
zation is saturated. Therefore, the recording magnetic field necessary to saturate tie magnetization, i.e., 2Hx 
satisfying the inequality (3) is required to obtain sufficientiy large reproducing Hall signal. 

In the meantime, the inclination of the hysteresis loop of Fig. 33A resulted from the demagnetizing field Hd 
against the magnetization M. The demagnetizing field is, as shown in Fig. 33B, produced by the magnetization 

40 M, which is directed to obstruct the magnetization. For example, when M = 0, the demagnetizing field Hd Is 
zero. When M - Ms (Ms is the saturation magnetization), the demagnetizing field Hd is 4 nhAs at maximum. 
Accordingly, It Is Ideal that the following formula (4): 

Hs - He = 4 «Ms (4) 

is held. Although the formula (4) is not necessarily satisfied, Hs - He becomes larger, in general, as the satu- 

45 ration magnetization Ms is increased. 

From the foregoing reason, such a film with perpendicular magnetic anisotropy having smaller saturation 
magetization Ms is suitable for the memory elements 1aa through 1cc. in Embodiment 9, the film made of RE- 
TM (rare earth-transition metal) ferrimagnetic substance wich is easy to control the value of the saturation mag- 
netization Ms during the manufacture is employed. Since RE and TM are bound in antiparallel in the 

50 fenromagnetic substance, the saturation magnetization Ms can be controlled by changing the ratio of the compo- 
sition. 

By way of example, the saturation magnetization Ms of a representative RE-TM ferrimagnetic substance 
GdxFei.x to the composition ratio x at room temperatures is shown in Fig. 34. When x = 21%, Ms Is zero, which 
composition is specifically called as the compensation composition. When x>21%, RE becomes excessive, 
55 which composition is called as RE rich. In contrast, when x < 21%, it is called as TM rich. 

Fig. 35 indicates the dependence of the coercive force He and saturation magnetic field Hs of the same 
material on the composition ratio x at room temperatures, the coercive force He is infinity at the compensation 
composition x = 21 % and decreased as the composition ratio is smaller or larger than the compensation compo- 
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sition. This is because the interaction of the magnetic field Hext applied from outside with the magnetic thin 
film is proportional to a product of the Hext and Ms. 

In other words, at the compensation composition, Ms is equal to zero, and therefore, the magnetic thin film 
does not interact with the external magneticfield Hext. resulting in the coercive force to be infinity. As the compo- 
sition ratio becomes larger or smaller than the compensation composition, the saturation magnetization Ms is 
Increased, thereby enlarging the interaction of Hextwith magnetic thin film. Therefore, as a result of the reversal 
of magnetization with a small Hext, He becomes smaller. On the other hand, the .saturation magnetic field Hs 
approximately agrees with the coercive force He in the vicinity of the compensation composition. However, if 
the composition ratio becomes larger or smaller than the compensation composition, Hs becomes larger that 
He and becomes minimum when the composition ratio is X1 or X2. Accordingly, if the composition ratio in the 
vicinity of X1, X2 Is selected, the recording magnetic field Is possible to be smaller, contributing to saving of 
electricity. 

The minimum values appears in both RE rich and TM rich. The composition ratio X2 in RE rich is more 
advantageous. The reason is that the infiuenee of the temperatuiB change on the saturation magnetic field Hs 
of TM rich film is generally larger than that of RE rich film as exemplified for the magnetic thin film of GdxFei.x 
in Fig. 36. If the influence of the temperature change on Hs is smaller, it Is unnecessary to change the recording 
magneticfield force even if tfie sunrounding temperature changes, thus maldng it possible to record stably. 

[Embodiment 10] 

Although the magnetic field perpendicular to the film surface is employed for reproducing and recording of 
information In Embodiment 9, botii the perpendicular and parallel magnetic fields are Impressed to ttie film sur- 
face according to the Instant Embodiment 1 0. Fig. 37 shows the stfucture of a magnetic thin film memory device 
according to Embodiment 1 0, in which the lines related to recording are indicated by ttiick lines and the dotted 
lines. For example, for recording information In the memory element 1ac, tiie switches 24a. 25c are closed. 
vM\ tiie switch 6 closed in the case of recording "0". Fig. 38 shows the state of tiie current running at this time 
in the thick and dotted lines in the vicinity of the memory element 1 ac. 

Referring to Fig. 38, tiie difference from Fig. 29 Is tiiat the current iY runs across tiie memory element 1ac, 
which causes the magnetic field Hy produced near tiie memory elements 1 ac, 1 be to be parallel to tfie film sur- 
face. That is. botfi the magnetic field Hx produced by tiie current iX which is applied perpendiculariy to the film 
surface and tiie magnetic field Hy produced by ttie current IY which is applied in parallel to the film surface act 
on the memory element lac. Figs. 39A. 39B indicate ttie hysteresis loops of ttie perpendicular magneticfield 
Hx with tiie magnetic field Hy applied in parallel to the film surfece or witiiout Hy, respectively. As is clear from 
ttie drawings, ttie magnetization of ttie memory element is directed in tiie Hx direction only when both tiie mag- 
netic fields Hx and Hy work. As a result, alttiough ttie states of magnetization in ttie memory elements 1ab, 
Ibc are not changed. In tie memory element lac is recorded infonnation by upward magnetization. It is to be 
noted ttiat tiie switch 7, In place of tiie switeh 6, should be closed to record "r tiirough ttie downward mag- 
netization. 

With reference to a timing chart of each switch in recording shown in Fig. 40 reproduction of information 
will be explained. All the switches not indicated In Fig. 40 are all open. During a period from t1 to t3, ttie switohes 
2a. 3c are closed, so tiiat tiie memory element 1ac Is held in the state to be reproduced. Moreover, during a 
period from t2 to t3. the switch 25c is closed, and ttie magnetic field Hy parallel to tiie film surface is applied 
to the memory element 1 ac. Accordingly, ttie magnetization in ttie perpendicular direction is slightiy inclined to 
tie horizontal direction. If the direction of magnetization recorded in the memory element 1ac is upward, ttie 
output signal according to the Hall voltage is detected to be decreased. If tiie magnetization is directed down- 
ward, the output signal of the Hall voltage is detected to be increased. As described hereinbefore, infonnation 
can lie reproduced witiiout influences of offsets by increasing/decreasing based on ttie Hall voltage output sig- 
nal. 

[Embodiment 1 1] 

In Embodiment 11. an RE rich GdFe film, i.e.. GdasFeys is used as tiie memory elements 1aa-1cc of Fig. 
28. The coercive force of ttiis film He is 25 Oe. and tiie saturation field Hs is 30 Oe. In order to record infonmation 
oniy to ttie memory element 1ac. ttie switches 24a. 25c. 6 are dosed, ttiereby generating various magnetic 
fields Hx from tfie recording lines. When 15 Oe ^ Hx < 25 Oe, it is possible to solely record infomiation to the 
memory element lac. Although it is possible to record information even when Hx < 15 Oe, ttie reproducing out- 
put immediately decreases eventually to be 0 when Hx ^ 12 Oe. If Hx > 25 Oe. not only to tiie memory element 
1ac, but also to the elements taa, lab, 1 be. Ice information Is recorded. Therefore, sufficient reproduced output 
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is achieved in a small recording magnetic field where 15 Oe ^ Hx < 25 Oe without destroying recorded infor- 
mation except In the memory element lac. 

[Comparative example 1] 

5 

An RE rich GdFe film, that Is Gd27Fe73 Is used as the memory elements 1aa-1cc of Fig. 28. the coercive 
force He is 1 0 Oe, with the saturation field Hs of 50 Oe. In order to record Information only to the menK>ry element 
1ac, switches 6, 24a, 25c are closed and various magnetic fields Hx are generated from the recording lines. 
When Hx g 1 0 Oe, memory elements 1 aa, 1 ab, 1 be, 1 cc are also recorded In addition to the memory element 
10 1ac. If Hx3; 5 Oe, even the memory element 1ac cannot be recorded. In the case where Hx = 9 Oe, only the 
memory element 1ac is recorded, but the reproducing output is 1/10 the output obtained by Embodiment 9 
where 15 Oe ^ Hx < 25 Oe. The reproducing output further decreases if Hx < 9 Oe aid becomes 0 when Hx 
£ 5 Oe. Therefore, Comparative example 1 is unable to obtain sufficient reproducing output 

IS [Comparative example 2] 

An Re rich GdFe film, specifically, Gd22Fe7B Is used as the memory elements laa-lcc of Fig. 28. The film 
has the coercive force He is 200 Oe, and the saturation field Hs is 200 Oe. In order to record information only 
to the memory element lac, the switches 24a, 25c, 6 are closed so that various magnetic fields Hx are gener- 
20 ated from the recording lies. Only the menriory element lac can be recorded in such a wide area as 100 Oe ^ 
Hx < 200 Oe. As compared with Embodiment 11, however, five times V2 Is required, thereby Increasing the 
power consumption. 

[Embodiment 12] 

25 

A TM rich GdFe film, Le., GdiyFeaa Is utilized for the memory elements laa-lcc In Fig. 28, which has the 
coercive force He of 28 .0e and saturation field Hs of 34 Oe. In order to record Information only to the memory 
element 1ac, the switches 24a, 25c, 6 are closed to generate various magnetic fields Hx from the recording 
lines. When 17 Oe € Hx < 28 Oe, only the memory element lac is recorded. The memory element lac can be 
30 recorded even when a < 17 Oe, but, the reproduced output sudderily decreases and eventually to 0 when Hx 
^ 14 Oe. When Hx > 28 Oe, besides the memory element lac, the memory elements 1aa, lab, Ibe, lee are 
also recorded, therefore, It is possible to record with sufficient reproduced output without destroying Information 
In the memory elements other than in the memory element lac when 17 Oe ^ Hx < 28 Oe. 

3S [Embodiment 13] 

A magnetic thin film used In Embodiments 11, 12 is employed as the memory elements 1aa-1cc of Fig. 28 
according to this Embodiment 13. The recording field Hx Is set to be 23 Oe, and the temperature of recording 
and reproducing is changed. The relation between the reproduced output and temperatures in this ease Is in- 

40 dicated In Fig. 41, The reproduced output is not changed at 5-60** C when the RE rich Gd25Fe75 film of Embo- 
diment 11 is used. This means that recording is carried out while the magnetization is saturated in the above 
temperature range. On the other hand, the reproduced output proportionally decreases as the temperature rises 
to 4^ C and to 60* C when the TM rich GdiyFeea film of Embodiment 12 is used. In other words, the relation 
Hs < 2Hx cannot by satisfied above around 40'' C, whereby recording is made while the magnetization Is not 

45 saturated. Therefore, the RE rich film represents a smaller change of the saturation field Hs with respect to the 
temperature change than the TM rich film, thus ensuring stable recording. 

[Embodiment 14] 

50 For the memory elements laa-lcc of Fig. 28, ian Re rich TbHoCo film, more specffically, (TbYHoi.Y)xCoi,x 

wheren X = 26% and Y = 30% is used in Embodiment 14. This filnfi has tfie coercive force He of 30 Oe and 
saturation field Hs of 38 Oe. In order to record only to tiie memory element 1ae, the switces 24a, 25c, 6 are 
closed and various magnetic fields Hx are generated from the recording lines. When 19 Oe Hx < 30 Oe, in- 
formation is recorded only to the memory element 1 ac. Even wen Hx < 19 Oe, It is possible to record information 

55 to ttie memory element 1 ac. However, the reproduced output immediately decreases and eventually to 0 when 
Hx € 15 Oe. When Hx s 30 Oe, not only the memory element 1ac, but the memory elements 1aa, 1ab, Ice 
are recorded. Therefore, if 1 9 Oe ^ Hx,28 Oe is satisfied, it is possible to record information and obtain sufficient 
reproduced output without destroying information in the other elements than the memory element lac. 
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Now, a magnetic thin film memory device of this invention which makes use of the magnetoresistance effect 
will be described in conjunction with preferred embodiments thereof. 

[Embodiment 15] 

5 

Referring to Fig. 42, from a signal line 105 is impressed an external magnetic field H in a perpendicular 
direction to the film surface of a magnetic film 104 having perpendicularnnagnetlc anisotropy. The direction of 
a magnetic field generated by supplying a current J2 Is represented by B. Because of the magnetic field in the 
direction B, a magnetic field H in the magnetic film 1 04 is directed to a direction perpendicular to the film surface. 

10 A constant current I Is fed to the magnetic film 104 from outside. The angle of the magnetization M of tiie mag- 
netic film 104 to the direction of the current I is SO"* . 

it is more advantageous to use ferrlmagnetic substance as the magnetic film 104 with perpendicular mag- 
netic anisotropy than ferromagnetic sulsstance in terms of the detection sensitivity of the magnetic field since 
the demagnetizing field generated in the film of the ferrlmagnetic substance is smaller. In addition, thefenrimag- 

15 netic substance provides the film of smaller coercive force. A rare earth-transition metal alloy Is useful as the 
ferrlmagnetic substance, specifically, such rare earth metal as Gd, Ho, etc. and such transition metal as Ni, 
Fe, Co, etc. may be employed. 

Fig. 43 is a cross sectional view explanatory of the state of Embodiment 1 5 where the magnetoresistance 
effect appears because of the relation between the direction of magnetization M of the magnetic film 1 04 and 

20 the external magnetic field H by the signal line 1 05. Figs. 43A, 43B. represent the state without tiie cunnent J2 
and the external magnetic field H, where the upward magnetization M represents information "1", meanwhile 
the downward magnetization M represents infonmation "0". As shown in Figs. 43C, 43D, when the external mag- 
netic field H is applied perpendicular to the surface of the magnetic film 104 by supplying the current J2 to the 
signal line 105, the resistance of the magnetic film 104 does not change, if tiie magnetization M is in the same 

25 direction as the extemal magnetic field H as in Fig. 43C.. Meanwhile, if the direction of the magnetization hA is 
opposite to tiiat of tiie external magnetic field H as shown in Fig. 43D, the magnetization M Is reversed when 
the extemal magnetic field H becomes stronger than the coercive force He of the magnetic film 104. The angle 
of tfie magnetization M to the direction of the cun-ent I is other tiian 90** during the reversal of magnetization 
M, so that resistence of tiie magnetic film 1 04 is increased lilce pulses. Since the direction of magnetization M 

30 is detected from vvhettier the voltege V at both ends of the magnetic film 104 changes or not, it is possible to 
read out information "0" or "1". 

In the above-described case, since the direction of magnetization M of the magnetic fOm 104 after reading 
is turned to be ttiat of the extemal magnetic field H, rewriting is required in the case where the magnetization 
M is reversed. 

35 

[Embodiment 16] 

In Fig. 44, a word line 106 Is provided below tiie magnetic film 104 so as to Impress a bias magnetic field 
Hw In a direction parallel to tiie film surface. The word line 106 is provided orthogonal to the current I running 
40 in the magnetic film 104. The magnetization 1^/1 of the magnetic film 104 is inclined towards the bias magnetic 
field Hw generated by the cunrent J1 in the word line 108, at an angle <^ to a direction A along tiie axis of easy 
magnetization. 

Fig. 45 is a cross sectional view of the change of the direction of magnetization M when the bias magnetic 
field Hw is applied to the magnetic film 104 by the word line 106. Figs. 45A, 45B show the change when the 

45 current J1 is fed to the word line 106, while Figs. 45C, 45D indicate the direction of magnetization M tiien a 
bias magnetic field Hb Is additionally applied by the signal line 105. As shown in Figs. 45A, 458. tiie magneti- 
zation M Is inclined ^ regardless of the magnetization direction M thereof. Furthenmore, by supplying the current 
J2 to the signal line 105 thereby to generate the bias magnetic field Hb perpendicular to the surface of the mag- 
netic film 104, tiie angle 0 to tiie direction of the cunrent I becomes larger (9 = 90° -<}>1: <|»1 Is smaller), and there- 

50 fore resistence of the magnetic film 1 04 is reduced when tiie magnetization M is downward. On the contrary, 
when the magnetization M is upward, the angle 0 (0 = 90*» -<fr2: ^2 is larger) becomes smaller, witii increasing 
resistence of the magnetic film 104. Accordingly, by detecting the increase/decrease of resistence as the volt- 
' age V at both ends of tiie magnetic film 1 04, tiie direction of magnetization M can be detected, and "0" or "1 " 
date can be read out In the drawings, the downward magnetization M represente "0", and upward magnetization 

65 M "1". 
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[Embodiment 17] 

Fig. 46 is a structural diagram when the magnetic film 104 with perpendicular magnetic anisotropy is pro- 
vided below and adjacent to a recording magnetic film 107. The recording magnetic film 107 for recording in- 

5 fbmnatlon has horizontal magnetic anisotropy, the axis of easy magnetization A of which is parallel to the current 
I mnning in the magnetic film 104. The word line 106 is provided orthogonal to the current I. The magnetization 
M of the magnetic film 104 is directed upward and turned clockwise or counterclockwise by <|» because of the 
magnetization Mi of the recording magnetic film 107. The relation between Mi and M Is seen from each cross 
sectional view of Figs. 47A, 47B. Mi directed rightward represents "0", whereas Mi directed leftward "1". 

10 The change of the direction of magnetization M of tiie magnetic film 1 04 when a minute cun-ent J1 is sup- 
plied to the word line 106 is shown in cross sectional views of Figs. 47C, 47D. When the magnetization M^ of 
the recording nriagneticfllm 1 07b is rightward, the angle 9 of the magnetization M of the film 104 to ttie direction 
of the current I Is larger (6 = 90" -<|>1 : Is smaller) because of the rightward bias magnetic field Hw by the current 
J1. thereby reducing resistance of the magnetic film 104. Meawhile, when the magnetization M^ is leftward, 

IS tiie above angle 9 becomes smaller (9 ~ 90** -^2: ^2 is larger), so that resistance of the magnetic film 104 is 
Increased. Therefore, by detecting the Increase/decrease of resistance as the change of the voltage V, it is 
possible to judge the direction of magnetization Mi of the film 107, whereby "0" or "1" data is read out 

The word line 106 may be used as a recording line to record information to the recording magnetic film 
107. - 

20 Moreover, in Embodiment 17 above, tiie magnetization M of the magnetic film 104 Is upward, but may be 

downward. At the same tinne, although the word line 106 is provided below the magnetic film 107, it may be 
ananged above the magnetic film 107. 

[Embodiment 18] 

25 

Fig. 48 is a structural diagram of the other example of the magnetic thin film memory device having the 
magnetic film 104 with perpendicular magnetic anisotropy provided below a recording magnetic film 108. The 
magnetic film 108 for recording thfonmation has perpendicular magnetic anisotropy The word line 106 is pro- 
. vided orthogonal to the current 1 running in the magnetic film 104. The magnetization M of the magnetic film - 

30 104 is directed downward. 

The magnetic field Hb generated from the recording magnetic film 108 is smaller than the coercive force 
He of the magnetic fflm 104 (Hb<Hc), tiiereby causing no reversal of the magnetization of the film 104. The 
relation between the magnetization M of the magnetic filnri 104 and magetlzation M2 of the recording film 108 
at tfiis time Is indicated In cross sectional views of Figs. 49A, 49B. In the figure, the downward magnetization 

35 M2 represents "0", and the upward magetization M2"1". 

The change of the direction of magnetization M of tiie magnetic film 1 04 at the supply of the current J1 to 
tiie word line 106 is shown in cross sectional views of Figs. 49C, 49D. The angle 9 between the magnetization 
M and current I due to the bias magnetic field Hw generated by tiie current J1 in the word line 106, is different 
in accordance with the direction of the magetization M2 of the recording film 1 08. in other words, when the mag- 

40 netization M2 of the magnetic film 108 is downward, tiie angle 9 of the magnetization M of the film 104 to the 
current I ( = 90" -4I; <|)1 Is smaller) becomes larger, and resistance of tiie magnetic film 104 is reduced. Mean- 
while, when the magnetization M2 of the film 108 is upward, the above angle 9 (9 = 90" -<|>2: 4)2 is larger) becomes 
smaller, and resistance of the magnetic film Is increased. Therefore, the direction of ttie magnetization M2 of 
the recording film 108 is judged by comparing the voltage V at both ends of the film 104, whereby "0" or "1" 

4S data Is read out. 

It is to be noted here tiiat the direction of magnetization M of the magnetic film 104 or the position of the 
word line 106 and recording magnetic film 108 may be reversed as above embodiment 

[Embodiment 19] 

so 

Fig. 50 is a persprective view of a recording unit of the magnetic thin film memory device. In Fig. 50, a semi- 
conductor device, e.g., diode 120 is formed on a part of the sense line 1 12b (120a is a p-type PN-junction diode 
and 120b is an n-type PN-Junction diode). Further, one end of a magnetic thin film memory element 111A con- 
sisting of a magnetic thin film 101 b, a metallic ttiin film 1 02 and a magnetic thin film 101a is formed in contact 
65 with the PN-junctlon diode 1 20a while an insulator 1 1 9A is intervened between memory element 1 1 1 A and sen- 
se line 112b. The other end of the memory element 111 A Is connected to anottier sense line 112a which is 
electrically Insulated from the sense line 112b by the insulator 119a. Moreover, a word line 103 is arranged 
across the magnetic thin film 101a via the insulator 1 19b. 
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Fig. 51 is a circuit diagram of the magnetic thin film memory device, for example, 4 bits X 4bits, using the 
magnetic thin film memory element 1 1 1 A of Fig. 49 for one bit 

Reference numerals in Fig. 51 are respectively: 117a, 117b a switching element to select the sense line 
1 1 2; 1 1 8 a switching element to select the word line 1 03; and 1 21 an amplifier of the reproduced output 

5 The operation of this magnetic thin film memory device will be explained in the case where information is 

recorded to the magnetic thin film nnemory element 1 1 1 A hatched in Fig. 51. The direction of the axis of easy 
magnetization 150 of the magnetic thin film 101a Is, as shown in Fig. 52, the direction of the axis of hard mag- 
netization in the prior art (referring to Fig. 3). 

First of all, the switching elements 117a3, 1 17b3 are turned on to supply a recording cunrent Irs (Fig. 53) to 

10 the sense line 112. The magnetic field Hsf (Fig. 53) generated by the cunrent Irs Is approximately parallel to 
the axis of hard magnetization 1 51 , so that the magnetization 1 52a is directed to the axis of hard magnetization 
151. The statewhere a sufficient amount of the recording current Irs is fed is illustrated in Fig. 53. Then, a switch- 
ing element 1 83 is turned on to determine the direction of the cun-ent running in the word line 1 03 by a switching 
element 114. Since the magnetic field Hex (Fig. 54) generated by the current flowing in the word line 103 is 

IS parallel to the axis of easy magetlzation 1 50, the direction of the magnetization 1 52a can be detennined by the 
direction of the current Irw in the word line 103, which is shown in Fig. 54. In the last place, the switching ele- 
ments 117a3, 1 17b3. 183 are turned off to remove the applied magnetic field from the magnetic thin film 101a, 
and the magnetization 152a is turned to either rightward or leftward along the axis of easy magnetization 150 
(Fig. 55). Figs. 55A, 55B are conresponding to Figs. 54A, 54B, respectively. 

20 The following description will be related to the case where information is read out from the hatched magnetic 

thin film memory element 111A of Fig. 51. The state of the magnetic thin film memory element 111A before 
data is reproduced Is shown in Fig. 55A or 55B. For reproducing, the switching elements 117a3, 1 17b3 are 
tumed on as in recording, thereby impressing a bias magnetic field to the magnetic thin film 101a. At repro- 
ducing, the current Irs supplied to the sense line 112a should be smaller than at recording (Fig. 56). Figs. 56A, 

25 56B are conresponding to Figs. 55A, 55B. Subsequentiy, the switching element 1 83 is tumed on and the current 
Irw is fed to the word line 103 in one direction, thereby obtaining the magnetization as in Fig. 57. Figs. 57A, 
57B are corresponding to Figs. 55A, 55B and 56A, 56B. Accordingly, it is apparent that the recorded state can 
be known from the difference of resistance resulting from the magnetoreslstance effect (referring to Fig. 7). be- 
cause the angle of the magnetization 1 52a to the direction of the current running in the sense line 1 1 2a differs 

30 depending on the recorded state. 

If the current is fed to the word line 103 in a steplike fashion, resistance of the magnetic thin film memory 
element 11 1A changes stepwise (with reference to Fig. 58). Figs. 58A, 58B correspond to Figs. 57A, 57B. and 
Fig. 58C indicates the current of the word line 103. 

At this time, the potential at point X in Fig. 51 represents ttie wavefonm as shown in Fig. 59A which has a 

35 downward peak when the recorded magnetization Is as In Fig. 55A- On the other hand, when 

tiie recoixied magnetization is as indicated in Fig. 55B, the potential indicates the waveform with a upward peak 
as shown in Fig. 59B. An alternating current gained by these signals is amplified by an amplifier 121 thereby 
to obtain a predetermined reproduced output 

Referring to Fig. 51 , the reason why the diode 1 20 is provided for each magnetic thin film memory element 

40 111A will be described below. Fig. 60 is a simplified circuit diagram when the diodes 120 are omitted, where 
Sij (1 = 1, 2,.-.: J = 1, 2,...) corresponds to each magnetic thin film memory element 111A. in this case, there 
exist many circuits when the current runs through the magnetic thin fDm memory elements connected to the 
sense lines 112a, 112b, e.g., SI 3, 814, S34, besides S33. Since the circuits are connected in parallel to the 
accessed memory element Sij, the total impedance is decreased as the scale of the memory device becomes 

45 larger, consuming more electricity and increasing noises. 

On the contrary, when the diode 120 is connected in series to the magnetic tfiin film memory element 1 1 1 A 
as in the Instant Embodiment no circuits are connected in parallel to the menrwfy element 111 A. Therefore, 
even if the scale of the memory device becomes larger, the consuming power or noises are fundamentelly not 
changed. 

so 

[Embodiment 20] 

The magnetic thin film memory device of the foregoing Embodiment 19 is formed flat. If the structure of 
Emtodiment 19 is employed in layere, it is possible to fbnti a menrK)ry device of larger scale. Or, tiie wiring of 
55 the magnetic thin film memory elements may be arranged in three dimensions, which will now be depicted witii 
reference to Fig. 61. After the magnetic tfiin film memory element 111A, diode 120, word line 103, sense line 
1 12a are formed, a through hole is opened toward the n-type PN-junction diode 120b, and the sense line 1 12b 
is embedded. The space in Fig. 61 is filled with insulators 1 19a, 1 19b. A large-scale memory device is obtained 
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by laminating the layers as manufactured in the above-described manner. In such case, it is preferable to obtain 
a peripheral circuit with good characteristic by fonming the switching elements and amplifiers on the first layer 
of the semiconductor substrate, and fonming the memory layers above the second layer. However, the memory 
layer may be formed in the room of the first layer. Although the sense line 1 12b is embedded in the through 
5 hole in Embodiment 20, the other kind of wiring may be embedded. 

[Embodiment 21] 

Although the magnetoresistance effect is utilized to read information according to the aforementioned 
10 Embodiments, the extraordinary Hall effect may be used for reading. The extraordinary Hail effect will be de- 
scribed more in detail with reference to Fig. 62. Fig. 62 shows the state were the current Irs is supplied to a 
magnetic thin film memory element 11 IB which is formed of TbHoCo or the like perpendiculariy magnetized 
film. Fig. 62A shows the case of the upward magnetizatk>n, and Fig. 62B Indicates the case of the downward 
magnetization. At this time, a voltage VH is generated at right angles to the current Irs and the direction of mag- 
IS netization. This voltage becomes plus or minus depending on the direction of magnetization. The magnetic thin 
film memory element 1 1 18 applying the extraordinary Hall effect is shown in Fig. 63, with a part of the circuit 
being disclosed in Fig. 64. Figs. 63, 64 arerespectWely corresponding to Figs. 50, 51. However, since the per- 
pendiculariy magnetized film is used for the miagnetic thin film memory element 1 1 1 B in this embodiment, only 
the perpendicular component of the magnetic field generated from the word iike 103 to the memory element 
20 1 1 1 B is effective. Therefore, the word line 1 03 is provided adjacent to the lateral side of the memory element 
1 1 1 B. The operating principle of the memory device Is the same as In the Embodiments using the magnetoresi- 
stance effect A reference numeral 1 80 In Fig. 63 Is the grounding line of the memory element 1 1 1 B. 

[Embodiment 22] 

25 . 

Each of the magnetic thin film memory elements 1 1 1 A, 1 1 1 B consists of three layers of the magnetic thin 
film 1 01 a. meitalllc thin film 1 02 and magnetic thin film 1 01 b in Embodiments 1 9 through 21 . According to these 
Embodiments, the magnetic field is applied by the current running in the own sense line 112 during recording 
and reproducing, that is, self-bias ^stem. However, a different bias line may be provideid separately while the 
30 magnetic thin film memory element connected to the sense line 1 12 Is made of a single magnetic thin film 101a. 
A cross sectional view of a magnetic thin film memory element 1 1 1 C in such structure as above is indicated in 
Fig. 65. A bias line 181 is provided via the insulator 1-19 under the sense lines 112a, 112b and magnetic thin 
film 101a. The magnetic field Hsf as the aforementioned embodiments is obtained by the current runing In the 
bias line 181. 

.35 

[Embodiment 23] 

Although the word line 103 and bias line 181 are provided respectively to each magnetic thin film in the 
aforementioned embodiments, it becomes easy to apply the necessary magnetic field to the whole of the mag- 
40 netic thin film when anotiier word line and the original word line 103 are provided approximately symmetrically 
with respect to the magnetic thin film memory element In this case, the current is supplied in opposite directions 
in the pair of the word lines 103. Fig. 66 is a cross sectional view with a pairof wordlines 103a, 103b arranged 
for the magnetic thin film memory element 1 1 1 D which corresponds td the element 1 1 1 A of Fig. 50. 

45 [Embodiment 24] 

The diode 120 is connected in series to the magnetic thin film memory element In the above embodiments. 
Any different arrangement can be employed so long as it forbids the cu rent to run from the one sense line 1 1 2b 
towards the other sense line 112a. For instance, a transistor may be provide in place of the diode, with the 
so same effects achieved. 

Moreover, the extraordinary magnetoresistance effect may be used except the magnetoresistance effect 
or extraordinary Hail effect to read the recorded information. 

Although the magnetic thin film memory element is formed immediately below the recording line, i.e., word 
line 103, it is possible to fonn the memory element Immediately above the word line. Further, the current line 
55 constituting the memory device, namely, word line 103, sense line 1 12 may be formed of superconductive wire. 

As this invention may be embodied in several forms wittiout departing from the spirit of essential charac- 
teristics thereof, the present embodiment Is therefore illustrative and not restrictive, since the scope of the in- 
vention is defined by the appended claims rather than by the description preceding them, and all changes that 
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fall within the metes and bounds of the claims, or equivalence of such metes and bounds thereof are therefore 
intended to be embraced by the claims. 



Claims 

1. A magnetic thin film memory device which comprises: 

a magnetic thin film memory element having magnetic 
anisotropy to which infbnnation Is recorded by the direction of magnetization thereof; 

a current line for supplying a current to said magnetic thin film memory element in a direction per- 
pendicular to said direction of magnetization; and 

a voltage line for leading out an anomalous Hall voltage generated in a direction perpendicular to 
the both directions of said current and the magnetization of said magnetic thin film memory element, 

wherein information is reproduced finom said magnetic thin film menrKuy element based on said 
anomalous Hall voltage. 

2. A magnetic thin film memory device according to claim 1 , wherein said magnetic thin film memory element 
has perpendicular magnetic anisotropy. 

3. a magnetic thin film memory device according to claim 2, wherein said magnetic thin film memory elemerit 
is made of femmagnetic substance. 

4. A magnetic thin film memory device according to claim 3, wherein said ferrimagnetic substance is rare 
eartti-transltlon metal alloy. 

5. A magnetic thin film memory device according to daim 4, wherein said rare earth metal is a member of 
the group consisting of Gd and Ho. 

6. A magnetic thin film memory device according to daim 4, wherein the composition of said rare earth-tran- 
sition metal alloy is such that the sub-lattice magnetization of the rare earth metal is superior and is in the 
vicinity of the composition having the minimum saturation field. 

7. A magnetic tiiin film memory device according to daim 1 , further comprising: 

recording current lines respectively provided in parallel to said current line and voltage line, and 
the inequalities Hx < He. Hy < He and Hx + Hy > He are all satisfied wherein 
Hx is a magnetic field impressed by one of said recording current lines, 
Hy is a magnetic field impressed by tiie other of said recording current lines, and 
He is the coercive force of said magnetic thin film memory element 

8. A magnetic thin film memory device according to daim 7, wherein at least one of said current line and 
voltage line is used as the recording current line. 

9. A magnetic thin film memory device according to daim 1, wherein both one ends of and current line are 
common to lead out the anomalous Hall voltage. 

10. A magnetic tiiin film memory device according to daim 9, wherein memory layers each provided with said 
magnetic thin film memory elements, current lines and voltage lines are laminated and the voltage lines 
are connected in common to lead out the anomalous Hall voltage of the magnetic thin film memory ele- 
ments at corresponding positions of the respective layers. 

11. A magnetic thin film memory device according to daim 9, further comprising a resistance arranged be- 
tween said voltage line and magnetic thin film memory element 

12. A magnetic thin film memory device according to daim 9, further comprising a capacitor for storimg said 
anomalous Hall voltage. 

13. A method of reproducing information firom the magnetic thin film memory device according to daim 1 . whe- 
rein information is reproduced based on the anomalous Hall voltage excited in said voltage line by applying 
a pulse current to said current line. 
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14. A method of reproducing information from the magnetic thin film memory device according to claim 1 , whe- 
rein the information recorded in said magnetic thin film memory element is reproduced by applying a mag- 
netic field in a perpendicular direction to the surface of said magnetic thin film memory element and 
detecting the change or unchange in the direction of said magnetic thin film memory element from the 
anomalous Hall voltage. 

15. A method of reproducing information from the magnetic thin film memory device according to claim 1 , whe- 
rein Information is reproduced based on the increase or decrease of the anomalous Hall voltage corre- 
sponding to the inclination of the magnetization direction of said magnetic thin film memory element to the 
horizontal direction when a magnetic fieid is applied in parallel to the surface of said magnetic thin film 
memory element. 

16. A method of recording information to the magnetic thin film memory device according to daim 7, comprising 
the steps of: t 

providing two sets of recording current lines symmetricaily. with respect to said magnetic thin film 
memory element, wherein the directions of the currents in the recording current lines in symmetrical rela- 
tion are rendered the same; and 

supplying current to either one set of said recording current iines in accordance with the direction 
in which said magnetic thin film memory element is to be magnetized in recording. 

17. A method of recording Information to the magnetic thin film memory device according to daim 7, comprising 
the steys of : . 

providing two sets of recording current lines symmetrically with respect to said magnetic thin film 
memory element wherein the directions of the currents In the recording current ins in symmetrical relation 
are rendered opposite; and 

switching the directions of the currents in said two sets of the recording current lines in accordance 
with ttie direction in which said magnetic thin film memoiy element is to be magnetized in recording. 

18. A method of recording information to the magnetic thin film memory device according to daim 7, wherein 
at least one of said voltage line and current line is used to apply an additional magnetic field for recording. 

19. A mi^thod of recording information to the magnetic thin film memory device according to daim 7, wherein 
magnetic fields In both directions perpendicular and pareliei to the surface of said magnetic thin film mem- 
ory element are applied and tfie magnetic field in the perpendicular direction determines the direction of 
magnetization of said magnetic thin film memory element thereby to record information. 

20. A nnagnetic thin film memory device which comprises: 

a magnetic thin film memory element having perpendicular magnetic anisotropy and to which in- 
formation is recorded by the direction of magnetization thereof; 

a current line for supplying a constant current in a horizontal direction of said magnetic thin film 
memory elenient; 

a current line for applying a magnetic field in a perpendicular direction to the surface of said mag- 
netic thin film memory element; and 

means for reproducing information recorded in said magnetic thin film memory element on the basis 
of the change of resistance of said magnetic thin film memory element consequent to the application of 
said magnetic field. 

21. A method of reproducing information from the magnetic tiiln film memory device according to daim 20. 
wherein information recorded in said magnetic thin film memory element Is reproduced on the basis of the 
change or unchange in resistance of said magnetic thin film memory element consequent to the application 
of said magnetic field to said magnetic thin film memory element 

22. A magnetic thin film memory device according to daim 20. further comprising: 

a current line for applying a bias magnetic field to said magnetic thin film memory element In a di- 
rection parallel to said constant current thereby to change the angle of magnetization of said magnetic 
thin film memory element and the information recorded in said magnetic thin film memory element is re- 
produced on the basts of the change of resistance of said magnetic thin film memory element detected 
by applying said bias magnetization to the magnetic field in a perpendicular direction to the surface thereof. 
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23. A magnetic thin film memory device according to claim 20, wherein said magnetic thin film memory element 
Is magnetic of ferrimagnetic substance. 

24. A magnetic thin film memory device which comprises: 

5 a recording magnetic thin film memory element having horizontal magnetic anisotropy and to which 

information is recorded by the direction of magnetization thereof; 

a second magnetic thin film having perpendicular magnetic anisotropy arranged adjacent to said 
recording magnetic thin film memory element 

a current line for supplying a constant current in both a horizontal direction of said second magnetic 
^0 thin film and a parallel direction to the magnetization direction of said second magnetic thin film; and 

a current line for applying a bias magnetic field in a direction parallel to the surface of said second 
magnetic thin film, 

wherein the information recorded in said recording magnetic thin fQm memory element is repro- 
duced on the basis of the change of resistance of said second magnetic thin film consequent to the ap- 
15 plicatibn of said bias magnetic field. 

25. A magnetic thin film memory device which comprises: 

a recording magnetic thin film memory element having perpendicular magnetic anisotropy and to 
which Information is recorded by the direction of magnetization thereof;* 

a second magnetic thin film having perpendicular magnetic anisotropy arranged adjacent to said 
recording magnetic thin film memory element; 

a current line for supplying a constant current in a horizontal direction of said second magnetic thin 
film; and 

'a current line for applying a bias magnetic field In a direction parallel to the surface of said second 
magnetic thin film, 

wherein the direction of magnetization of said second magnetic thin filrn Is changed In correspond- 
ence to the direction of magnetization of said recording magnetic thin film memory element through supply 
of said constant current, 

wherein the Information recorded in said recording magnetic thin film memory element is repro- 
duced based on the change of resistance of said second magnetic thin film as a result of the application 
of said bias magnetic field to the magnetized direction of said second magnetic thin film. 
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26. A magnetic thin film memory device according to claim 25. wherein said magnetic thin film having perpen- 
dicular magnetic anisotropy is made of ferrimagnetic substance. 

^ 27. A magnetic thin film memory device in which information Is recorded by the direction of magnetization of 
a magnetic thin film memory element having magnetic anisotropy, comprising: 

a current line to which a plurality of said magnetic thin film memory elements are connected In 
series; and 

a semiconductor element having nonlinear current-voltage characteristic connected between said 
^ current line and magnetic thin film memory element. 

28. A magnetic thin film memory device according to daim 27, wherein said current lines are arranged in rows, 
and another current line is provided which connects each of said magnetic thin film memory elements to 
the one in a different row in series. 

45 

29. A magnetic thin film memory device according to daim 28, wherein said rows of magnetic thin film memory 
elements, semiconductor elements and current lines are laminated in three dimensions and connected 
by a wiring. 

50 30. A magnetic thin film memory device according to claim 29, wherein an active element consisting of a se- 
mi-conductor and said magnetic thin film memory element are laminated indifferent layers through an in- 
sulator and connected by a wiring. 



55 



31. A method of reproducing information from the magnetic thin film memory device according to daim 27, 
wherein the Infonmation is reproduced on the basis of the change of resistance of said magnetic thin film 
memory element consequent to the application of a magnetic field to said magnetic thin film memory ele- 
ment by said current line. 
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32. A method of reproducing information from the magnetic thin film memory device according to claim 27, 
wherein the information is reproduced on the basis of the anomalous Hall voltage generated consequent 
to the application of a magnetic field to said magnetic thin film memory element by said current line. 

33. A magnetic thin film memory device according to claim 27, further comprising: 

a current line for applying a bias magnetic field to said magnetic thim film memory element. 

34. A method of reproducing information from the magnetic thin film memory device according to daim 33. 
wherein the infomnation is reproduced on the basis of the change of resistance of said magnetic thin film 
memory element consequent to the application of a bias magnetic field to said magnetic thin film memory 
element by said current line. 

35. A method of reproducing information from the magnetic thin film memory device according to daim 33, 
wherein the information is reproduced on the basis of the anomalous Hall voltage generated consequent 
to the application of a bias magnetic field to said magnetic thin film memory element by said current line. 

A magnetic thin film device having a plurality of memory elements (11a, 11b, 12a, 12b) with magnetic 
anisotropy, wherein information is recorded by a memory element in accordance with the direction of mag- 
netisation of said element, characterised in that data is read from an element by reading a Hall voltage 
(3) generated in response to an interrogation current (2). 
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